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Abstract: The geoid of Shenzhen with onekilometer resolution, has been constructed with remover estor e tech
nique, using 65 GPS/ leveling data wit h accuracy better than 2 cm, 5 213 discrete g ravity data, dig ital terrain model
w ith 100 m resolutions and g lobal earth s g ravity field model WDM94. The modeled geoid heights were compared
w ith the observ ed ones derived from 29 GPS/ leveling data that not applied to the construction of Shenzhen geoid.
T he test results show that t he standard deviation of the differences is  1. 4 cm.
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?  ?: 利用 65个精度优于2 cm的 GPS 水准数据?5 213个实测重力点数据?100 m 分辨率的
数字地形模型和WDM94地球重力场模型,采用移去恢复技术计算了深圳市 1 km 分辨率的
大地水准面模型?将该模型大地水准面高与由 29 个 GPS 水准得到的大地水准面高进行比
较,其差值的标准差为  1. 4 cm?
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2. 1  ????????
?????????: ( 1) ?? Lacoste &
Romberg G? D?????????????
?3 608??????, ?????1 km,???
??????????? 0. 1 mGal; ( 2)?? La
coste & Romberg S????????? 1 262?
????????, ?????? 1 km, ???
?1. 6 mGal; ( 3)?????????????
? 298???????? 45???????,?
?????? 2 km ? 2 km ? 4km?? 1??
? 5 213??????????
? 1  ??????????????
Fig . 1 Distribution of discrete grav ity po ints over Shen




gFA = g- + FA (1)
??, g ????????; ?????; FA
?????,??
= 978 032. 68(1+ 0. 005 302 4sin2 B-
0. 000 005 8sin2 2B) (2)
FA = 0. 308 6(1+ 0. 000 7cos 2B) h-
0. 7210- 7h2 (3)




C= - 0. 086 1h (4)
2. 2  GPS????
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N = H - h (5)
??, ??? H ??? WGS84 ??, ????
ITRF931 996. 365; ??? h ??? 1956 ??
????????????????????,
???????????????? 2 cm?? 2
??? GPS ?????????
? 2  ???? 65???? GPS ??????
F ig. 2  Distr ibution of 65 high quality GPS/ leveling sta
tions in Shenzhen
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??????????, ?[ 5- 9, 12]
 N ( P, P) = N GM ( P, P )+ N RES( P, P )+
N T ( P, P) (6)
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Snmsin m) Pnm( sin ) (7)
??, GM ???????; ????????
?; a ?????????; , ? r ?????
????????????; Cnm? S nm????
?????; Pnm ( sin )???????? Leg
endre??; n max= 360?
NT ? DTM ?????,?????[ 11]












5 dx dy+  (8)
??, h ?hP ??????????????
N RES????????,????????
Stokes??????,?[ 10]
N RES( P , P )= R4
E
g( , ) S ( P, P, , )
cos dd (9)
??, S ( P , P, , )? Stokes???, g( , )
???????,??????
g = gFA - gGM+ T C (10)
??, gFA?????????; gGM????
????????????; ???? TC ??
???[ 10, 12]





( x , y , z ) ( hij - z )
r
3
( x i- x , yj - y , h ij - z )
dx dydz (11)
??, GM ???????; ( x , y , z )????
?????; h ij????( x i , y i )???; E ??
????; r ( x , y , z )= x 2+ y 2+ z 2?
Stokes??????????????, ?
??????????????????,??
??????????? 1DFFT ????, ?
?????[ 12~ 14]






cos n} F { S ( P , n ) , } }
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??????? DTM ???????????
??????, ??????? 100 m ????
DTM ? 1 km ?????????????
3. 2  ???????
??,??????????? 1 km ??







 N obs( x , y )= N G ( x , y )+ a0+ a1 x + a2y +
a3 xy+ a4 x
2+ a5y
2+  (13)
??, a i ( i= 0, 1, 2, 3, )?????; x ? y ?
??????; N obs? N G ?????????
?????????????????????
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,  r k 0
N ( k , k)         ,  r k= 0
(14)
??, i , j ????????; r k???????
????; m ?????,??????
? 1 ?????????? GPS?????????
?????????
Tab. 1  Statistics of the differences between gravimetric
geoid heights and those from GPS/ leveling m
??? ??? ??? ??? ???
0. 955 0. 303 0. 529 0. 539  0. 107
? 3  ??? 1 km ????????????
F ig. 3 Combined geoid of Shenzhen w ith 1 km g rid
4  大地水准面的外部检核




?????????? 2 cm ,?????? 1 km
??????????????
?? 1 km ??????????? 29?
GPS????????????, ??????
???,? 2?? 3 ????????????
?????????????????????
???, ??? 1 km ???????????
????????(???)???  0. 014 m?
 0. 019 m, ?????????? 1  10- 6 D?
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1 km???????????????????
??????
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Fig. 4 Distribution of 29 GPS/ leveling check points
? 2 ?????????? GPS?????????
?????????
Tab. 2 Statistics of the differences between modeled geoid
heights and those from GPS/ leveling m
??? ??? ??? ??? ???
0. 026 - 0. 022 - 0. 001 0. 014  0. 014
5  结论与建议
???? 65???? GPS ?????5 213
?????????100 m ?????????
?? WDM94???????, ??????
???????? 1 km ??????????
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( 1 10- 6 D )
12 L
L
( 1  10- 6 D)
20 L
L
(1  10- 6 D)
0~ 5 0. 031 - 0. 010 0. 008 0. 017  0. 015 5 3. 57 7. 59 12. 65
5~ 10 0. 048 - 0. 038 0. 003 0. 019  0. 019 47 2. 45 4. 38 7. 30
10~ 15 0. 035 - 0. 039 0. 005 0. 019  0. 019 54 1. 51 3. 39 5. 66
15~ 20 0. 042 - 0. 044 0. 000 0. 019  0. 019 60 1. 10 2. 87 4. 78
20~ 25 0. 039 - 0. 036 0. 002 0. 018  0. 018 55 0. 81 2. 53 4. 22
25~ 30 0. 045 - 0. 042 0. 003 0. 018  0. 018 49 0. 66 2. 29 3. 81
30~ 35 0. 030 - 0. 046 - 0. 005  0. 019  0. 018 43 0. 58 2. 11 3. 51
35~ 40 0. 037 - 0. 039 0. 002 0. 020  0. 020 31 0. 53 1. 96 3. 27
40~ 45 0. 034 - 0. 022 0. 009 0. 017  0. 014 25 0. 39 1. 84 3. 07
45~ 50 0. 029 - 0. 022 0. 001 0. 015  0. 015 16 0. 33 1. 74 2. 90
> 50 0. 043 - 0. 038 0. 012 0. 026  0. 024 21 0. 49 1. 66 2. 76
???? 0. 048 - 0. 046 0. 003 0. 019  0. 019 406 0. 76 ??????
???
???
 0. 014 m?  0. 019 m ,??????????
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??????????  0. 019 m ?  0. 026 m,
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? 2 km ???????????, ?????
???????????,?????????
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